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ABSTRACT 

Planck data towards the active galaxy Centaurus A are analyzed in the 70, 100 and 143 GHz bands. We find a 
temperature asymmetry of the northern radio lobe with respect to the southern one that clearly extends at least up 
to 5*^ from the Cen A center and diminishes towards the outer regions of the lobes. That transparent parameter - the 
temperature asymmetry - thus has to carry a principal information, i.e. indication on the line-of-sight bulk motion 
of the lobes, while the increase of that asymmetry at smaller radii reveals the differential dynamics of the lobes as 
expected at ejections from the center. 
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1. Introduction 

Centaurus A (and its parent galaxy NGC 5128) is a ra¬ 
dio galaxy and represents the cl osest AGN to us, being 
at a distance of 3.8 ± 0.1 Mpc (Harris et al. J2010|). Its 

s J and sir 


jet is clearly visible both in radio and X-rays 


studied over the entire range of the electromagnetic spec- 


Burns et al. 


1983 Meier et al. 1989) and fairly symmetric 


source exhibiting two giant lobes: the northern one (GLN) 
and the southern one (GLS), spanning in declination be¬ 
tween approximately —38° and —48° (the coordinates of 
the Cen A center are R.A. (J2000)= 13‘'25“27.6152L Dec. 
(J2000)=—43°0.1'08.805"). We note that an angle of about 
10° on the sky means a physical size at the Cen A distance 
of ~ 600 kpc in projection and that the redshift of Cen A is 
z=0.01825, corresponding to a recession velocity of about 
540 km s“^. 

The elliptical (SO) galaxy NGC 5128 is an example of 
the family of ellipticals that have an absorbing band of gas 
and dust projected across the stellar body. The center of 
this system harbors a super massive black hole with mass 
about 10^ — 10® Mq (see e.g. Silge et ar]|2005 Marconi et 
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^ In the radio band it is classified as a Fanaroff-Riley type I low 

luminosity radio galaxy, as a Seyfert 2 object in the visible and 
a “misdirected” BL Lac type AGN at high-energy. 


Since 


its discovery (Bolton 19481 Cen A has been extensively 


trum (for a review see Israel 19981 with a sensitivity and 
spatial resolution impossible for other active galaxies. It 
is an extended, morphologically complex (a detailed de- 
scription of the radio morphology may be found a.g. 


al.|2006 Neumayer]2010 1 which powers two jets, two inner 
lobes (with size about a tew arcmin each) and the two outer 
giant lobes as well. The GLN and the northern jet are likely 
tilted towards the observer and the GLN is thought to be 
closer to us than the GLS. Indeed, the jets appear clearly 
in the radio band and are obviously shooting out of Cen¬ 
taurus A, with the radio emission becoming more diffuse at 
greater distances from the center of the galaxy. The jets 
consist of a plasma state, i.e. a high-temperature stream 
of matter. The jets are a lso clearly observed in X-rays (see 
e.g. Karovska et al.|2002| and references therein). The most 
prominent feature is the jet extending for about 8 kpc to¬ 
wards the northeast (upper left in the sky) while a less 
prominent jet extends towards the southwest. The appar¬ 
ent brightness difference between the jets and the proper 
motion asymmetries of both the jets and the inner lobes 
(Tingay et al. 2001|) are thought to be due to the viewing 
geometry: the first jet is moving towards us, while the sec¬ 


ond is moving away (see e.g. Burns et al. 


1983 and Israel 


19981. This was also suggested by the Faraday depofar- 


ization analysis of the southern inner lobe (Clarke et al. 
19 ^. 


Motivated by the discussion above and by the unique 
tool that is provided by data in the microwave region of the 
electromagnetic spectrum to probe the large-scale temper¬ 
ature asymmetries towards nearby astronomical systems, 
in this Letter we study the Cen A system by using Planck 
dat a following the same approach adopted in |De Paolis et| 
ah (2011 20141 for the M31 galaxy. 
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2. Planck data analysis and results 


We have considered Planck 2015 release data (Planck Col- 
laboration I||2015l in the bands at 70 GHz detected by the 


IFF instrument, and in the bands at 100 and 143 GHz de¬ 
tected by the HFI instrument (for a review on Planck results 
and inst ruments characteristics we refer to e.g. [Burigana et| 
al.|2013 1. The resolution in these Planck bands are 13', 9.6' 
and 7.1'^ (in terms of FHWM) at 70, 100 and 143 GHz, re¬ 


spectively, and -/Vside=20 48 for GMB temperature (Planck 
Gollaboration XVI 20151. The sensitivity, angular resolu¬ 


tion and frequency coverage of Planck make it a powerful 
instrument for c osmology as well as galactic an d extragalac- 
tic astrophysics (Planck Gollaboration I||2015). In order to 
reveal and study the Gen A giant lobes GLJN and GLS in 
microwaves we have divided the Gen A sky field in two parts 
as shown in Fig. [^removing the innermost part (about 20') 
of Gen A corresponding to the NGG 5128 galaxy and the 
innermost radio lobes. 

The mean temperature excess in fiK in each region 
was obtained in each Planck band at 7^ 100 and 143 GHz 
with the corresponding standard error R 



Fig. 2. The excess temperature in /iK (in blue) of the northern 
Cen A lobe with respect to the southern one are given in the 
70 GHz, 100 GHz and 143 GHz Planck data. In brown we give 
the temperature excess of 360 control regions equally spaced at 
one degree distance to each other in Galactic longitude and at 
the same latitude as NGG 5128. The standard errors are also 
shown. 


Fig. 1. The Planck fields towards Gen A galaxy in which our 
analysis is performed are shown. The radius of the outer circle 
is of 5° about the NGG 5128 center (with Galactic coordinates 
1=309.52'^, b = 19.42°). The northern field (with 10792 pixels), 
corresponding to the GLN radio lobe, has Galactic coordinates 
308.65° < I < 311.03 and 19.64° < b < 23.92° while those of 
the southern field (which has 11011 pixels), corresponding to the 
GLS, are 307.98° < I < 310.64 and 15.58° <b< 19.14°. 


Fig. 3. The excess temperature in /rK (with the standard 
errors) of the northern Cen A lobe with respect to the southern 
one are given in the 70 GHz, 100 GHz and 143 GHz Planck data 
up 1.5° (~ 92 kpc), 2.8° (~ 171 kpc) and 4.0° (~ 245 kpc) from 
the galaxy center. 



80 

70 

60 


20 

10 



The results obtained for the temperature difference be¬ 
tween the GLN and the GLS temperature in each of the 
three Planck bands are shown in Fig. As one can see 
(in blue), the GLN region is hotter than the GLS region 
by about 13 p,K at 70 GHz, 17 /tK at 100 GHz and 20 /iK 
at 143 GHz (in blue in the histogram). This results, most 
likely, from a Doppler-induced effect related to the bulk ve¬ 
locity of the jet powering the Gen A radio lobes and/or to 
their rotation with respect to an axis directed along the 
East-West direction. 

To test whether the temperature asymmetry we see is 
real or can be explained as a random fluctuation of the 

^ The standard error has been calculated as the standard de¬ 
viation of the excess temperature distribution divided by the 
square root of the pixel number in each region. We have veri¬ 
fied that within the errors, the sigma values calculated in that 
way are consistent with those evalnated by using the covariance 
matrix obtained by a best-fitting procedure with a Gaussian to 
the same distribution. 
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GMB signal (which is very patchy) we consider 360 control 
field regions with the same shape as the GLN and GLS re¬ 
gions and at the same latitude, but at 1° longitude from 
each other. For each region we determined the excess tem¬ 
perature profile and calculated the average profile and cor¬ 
responding standard deviation. The results obtained are 
shown in brown in the histogram in Fig. As one can see, 
the temperature asymmetry in the 360 control fields at 100 
and 143 GHz is the opposite of that towards Gen A with 
the southern field generally hotter than the northern one 
(in the 70 GHz band the temperature asymmetry of the 
control fields is substantially smaller with respect to that 
towards the Gen A lobes). This trend for the 360 control 
fields is easily understandable, since the Galactic latitude 
of the southern lobes is 14 — 19° (the center of Gen A is at 
latitude b = 19.473°) and at these latitudes the foregrounds 
due to our Galactic disk is non-negligible. Indeed, since the 
Gen A giant lobes happen to be aligned in the sky almost 
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orthogonal to the Milky Way, the southern lobe has to be 
more contaminated by the disk’s radiation than the north¬ 
ern one. We also stress that the procedure we followed to 
test the observed effect, that is of considering the 360 con¬ 
trol regions, is more reliable than simulating the CMB sky 
maps in each band considered. While the latter method¬ 
ology of generating sky maps to estimate the error bars is 
mandatory dealing with the whole sky (as in cosmological 
studies), in our case we are considering only rather small 
regions of the Planck sky maps and the adopted procedure 
is more reliable since it avoids the simulation ambiguities. 

In Fig. the analysis of the temperature asymmetry 
between the GLN and GLS of Gen A within three different 
galactocentric radii (1.5°, 2.8° and 4.0°, corresponding to 
about 92 kpc, 171 kpc and 245 kpc, respectively) is pre¬ 
sented. It is clear that the temperature asymmetry dimin¬ 
ishes as increasing the field region area. The radial depen¬ 
dence of the temperature asymmetry in the three Planck 
bands considered might be indicative of different emission 
mechanisms in the microwaves at different galactocentric 
distances, even if the quality of the present data cannot 
allow us to draw a definitive conclusion in this respect. 


3. Conclusions 


As discussed in the previous section, we have considered 
Planck 2015 release data in the bands at 70, 100 and 143 
GHz and detected a temperature asymmetry between the 
GLN and the GLS of the Gen A system. Notice that no 
detection of the Gen A giant lobes was present until now in 


the microwaves a t wavelengths higher than 60 GHz (Hard- 
castle et al.|2009 1. In particular, the GLN appears substan¬ 
tially hotter than the GLS up to a galactocentric distance 
of about 5°. The temperature asymmetry is present in all 
the bands considered and decreases from the innermost re¬ 
gion (being about 70 fxK at 70 GHz within 1.5° from the 
Gen A center) to about 14 at 70 GHz within 4° from 
the galaxy center. What we find seems to confirm what is 
known from radio observations about the emission direc¬ 
tion and motion of the Gen A jet and inner northern and 
southern lobes. 

Since the Gen A giant lobes happen to be aligned in the 
sky almost orthogonal to the Galactic disk, as mentioned, 
the southern lobe has to be more contaminated by the disk’s 
radiation than the northern one, giving an effect opposite 
to that observed towards the Gen A lobes. This fact is 
reflected in the behavior of the mean temperature asym¬ 
metry, including the band dependence, of the 360 control 
regions. Hence, in view of Galactic contamination, the gen¬ 
uine Gen A temperature contrast has to be even stronger. 
Moreover, since we are not dealing with the absolute but 
with the mean temperature differences only, the role of the 
various noise sources is vanishing. This is similar to the 
case of the GMB dipole, where the temperature difference 
indicates the motion of the observer. 

In general, the observation of the Gen A temperature 
asymmetry may be explained by one (or more) of the follow¬ 
ing astrophysical emission mechanisms: (i) free-free emis¬ 
sion, (ii) synchrotron emission, (Hi) anomalous microwave 
emission (AME) from dust grains, (iv) the kinetic Sunyaev- 
Zel’dovich (SZ) effect, and (v) cold gas clouds populating 
the outer regions of Gen A (as first proposed , in the con¬ 
text of the M31 halo, by De Paolis et al.| 19951. A detailed 
study of what each of these five possible causes might con¬ 


tribute, using all the Planck bands to constrain the model 
parameters and the relative weight of these five models, 
will be published elsewhere. Here, we only note that effects 
(i) — [Hi) are strongl y wavelength d e pendent at microwave 
frequencies (see, e.g. Bennett (2003);]Planck Gollaboration| 
XH ( |2013[ ), while (iv) and (uj are almost independent of 
the observation band in the microwave regime. AME (item 
Hi) has been observed in various interstellar environments. 


in pa rticular in the diffus e ISM (Miville-Deschenes et al. 
2008[) and in dark clouds ( Watson et al. 20051, and might 


play a role also in ralactic halo environments, provided dust 
grains are presently 

As a matter of fact, and irrespective of the physi¬ 
cal emission mechanisms, the detected mean temperature 
asymmetry has to indicate the line-of-sight motion of the 
lobes. 

In the viewing geometry, a GLN hotter than the GLS 
will be due to the direction of the powering jets, as also sug¬ 
gested by observations in other wavelengths (see e.g. the 
discussion in the Introduction), also a Doppler induced ef¬ 
fect due to the rotation of the giant radio lobes with respect 
to an axis directed along the East-West direction would con¬ 
tribute, an effect si milar to that observed towar ds the halo 
of the M31 galaxy (|De Paolis et al.||2011 |2014|). Although 
the resolution of this issue is not the aim of the present 
Letter, we shall give some possible hints in the following. 
The rotation of NGG 5128 and its halo has been investi¬ 
gated by studying the velocity distribution of more than 
400 planetary nebulae within a gal actocentric dista nce of 
about 20' (~ 20 kpc). In particular, Hui et al. (19951 found 
that the NGG 5128 rotation axis is offset from its photo¬ 
metric minor axis by about 39°. It was also found that the 
planetary nebulae ordered motions become more important 
with respect to their random motions at larger galactocen¬ 
tric radii, with the rotation component reaching about 100 
km s“^ and 50 km s“^ along the photometric major and 
minor axes, respectively. 

The kinematics of the globular clusters around Gen A 
gives a similar indication, in particular with the metal rich 


al 


ones sho wing both major and minor axis rotation (Hui et 
)] |1995l. This was also con firmed by a more recent analy- 
3 by I Woodley et al. (20101 who considered a sample of 605 
lar clustei 


SIS by _ 

globular clusters extending up to a galactocentric distance 
of about 45'. It was found that the metal rich globular clus¬ 
ters are rotating with an ordered speed of 43 km s“^ while 
the metal poor ones have a very mild rotation signature of 


~ 26 km 


c-l 


We have independently analyzed the radial 


velocity mea sure d in the globular cl uster sample in |Woodley| 
et al. ( 2010[ ) and Peng et ah] ( |2004| and, after removing the 
innermost globular clusters (within a galactocentric radius 
of about 4') we found that those in the northern lobe (with 
declination 6 > —42.57°) have radial velocity 470 ± 143 km 
s“^ while those in the southern lobe (with 6 < —43.04°) 
have radial velocity 580 ± 148 km s“^. This seems to indi¬ 
cate that there is a regular rotation component at least of 
the innermost side of the Gen A lobes. 

We would also like to mention that such mean temper¬ 
ature asymmetry method first applied to study the M31 


galaxy (De Paolis et al. 2011 2014) and applied here to 


the giant radio lobes of Gen A can become a conventional 
tool for studying of internal motions, especially towards 


^ AME should give an effect strongly frequency dependent in 
the CMB domain, too. 
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nearby galaxies, in the microwaves. As for the case of the 
SZ effect or e.g. for the Kolmogor ov stochasticity parame¬ 
ter (Gurzadyan et al. (2009, 20141 and references therein), 
software for an automatic analysis by correlating galaxy 
surveys and CMB data may be developed. 

The detected Cen A temperature asymmetry and espe¬ 
cially its increase at small radii outline the picture of con¬ 
tinuous ejections from a center which is rotating, and upon 
the increase of the size of the lobes, the effect of differential 
rotation becomes noticeable. Moreover, as one can see from 
Fig. 3, the temperature asymmetry within 1.5° tends to de¬ 
creases from the 70 GHz band to the 143 GHz band, while 
it goes in the opposite directions at outer radii. This trend, 
if confirmed, seems to indicate that the dominant emission 
mechanism at GMB frequencies changes somewhere in be¬ 
tween 1.5° and 2.8°, that is between about 92 kpc and 170 
kpc. 

It goes without saying that understanding the reason 
for the Gen A temperature asymmetry, that is if it is dom¬ 
inantly due to the ejection direction of the jets or to the 
rotation of the inner and outer lobes is of particular im¬ 
portance since it can throw light on the formation history 
and timescale evolution of this system and may allow us 
to get closer to the solution of the many unre solved ques - 
tions about Gen A’s giant radio lobes (see e.g. Eilek|20f4 l. 
To this aim, we suggest to perform an analysis in the ra¬ 
dio ba nd, a t 21 cm, simila r to th at done by |Ghemin et al.] 
(20091 and Gorbelli et al. (20101 for the disk of the M31 
galaxy with the aim of tracking a radial velocity map of 
the outer regions of the Gen A system. 
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